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Introduction
Streptococcus pyogenes, a Group A streptococci (GAS), is an important human pathogen that causes a wide range of infections, from mild to severe invasive diseases. GAS are responsible for more than 500,000 deaths annually, most of them occurring in low and middle-income countries .
Considered one of the most important virulence factors, the M protein promotes host interactions and adherence to human epithelial cells; specially helping bacteria to escape from host immune response by inhibition of phagocytosis (McMillan et al., 2013) . The discrimination of GAS into more than 250 emm types is possible due to the sequencing of the hypervariable region of the emm gene encoding the M protein (Friães et al., 2012) . Although this is considered an effective method to distinguish these micro-organisms, it still comprises a high number of emm types. Moreover, it has contributed to the development of at least two more classifications systems. The first one is called emm pattern and serves as a genotypic marker to classify GAS strains according to their tissue tropism; A-C throat specialists, D skin specialists and E generalists. This method is based on the organization of emm and emm-like genes located in the mga locus (McGregor et al., 2004) . The second is called emm cluster and is based on the entire sequence of the M protein. A phylogenetic tree was built using sequences of 175 different emm types, and they were classified by their sequence similarity. This classification was able to divide the strains into two major clades, X and Y. The clade Y was divided in two main subclades (Y1 and Y2), and these subclades were further subdivided into 48 emm-clusters along with clade X (Sanderson-Smith et al., 2014) .
Many virulence factors contribute to the pathogenesis of S. pyogenes diseases, each one with a specific function and with a determined degree of importance (Bisno, Brito & Collins, 2003; Yang et al., 2013) . Superantigens (SAgs) are toxins capable of activating a large set of human T cells, resulting in a massive production of proinflammatory cytokines (Reglinski & Sriskandan, 2014) . The ability to hemolyze red blood cells (β-hemolysis) is due to the presence of two distinct toxins streptolysin S (SLS) and the unrelated large cholesterol-dependent, oxygen-sensitive streptolysin O (SLO) (Molloy et al., 2011) . Among this great variety of virulence factors described in GAS strains, some are directly linked to phage carriage. The importance of phages for genetic variability, especially by transferring virulence genes, has been extensively studied and is well consolidated (Banks, Beres & Musser, 2002) .
Over the exposure, the aim of this study was to describe the genetic profile of clinical isolates of
Streptococcus pyogenes.

Materials and Methods
Bacterial strains were collected from two hospitals in the South of Brazil during the [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] period. This amount ended up to have most of the samples collected in the last two years. The collection method used was convenience sampling depending on the hospital's availability. This study was approved by the Ethics Committee of institutions involved. The clinical isolates were identified as Streptococcus pyogenes by the API 20 Strep system (bioMérieux SA, Marcy L'Etoile, France) and by 16S rRNA conventional PCR (Lintges et al., 2007) .
Fresh colonies, 24h growth on trypticase soy agar supplemented with 5% sheep blood were used to DNA extraction by the QIAamp DNA Mini Kit (QIAGEN) as described by the manufacturers.
The DNA product was quantified in the NanoSpec (Nanometrics). Then, a PCR reaction for the emm gene was performed in triplicate for each isolate, according to protocols available at the Centers for Disease and Control (CDC) website (www.cdc.gov/streplab/). PCR products were purified with Wizard® Genomic DNA Purification Kit (Promega) and measured to guarantee the correct DNA concentration. The amount of DNA ranged from 20-40 ng/µl. The complete emm gene DNA was sequenced in triplicate, forward and reverse, using primers described by CDC Strep Lab in a concentration of 4 pmol. Three sequencing results from each isolate were analysed using the software Geneious 9.1.8. The consensus sequence obtained was manually adjusted to ensure a minimum phred score of 20 for each base. The nucleotide sequences were submitted to comparison with the CDC emm database in order to obtain the correct emm type and emm cluster for each isolate. The genes listed in Table 1 were used to analyse virulence factors, using a SYBR Green Master Mix and the platform ABI7500 (Applied Biosystems). All reactions were performed in duplicate, with a positive and a negative control for each primer. A positive amplification demonstrated similar melting curves in both reactions compared to its respectively positive control (Tm 1°C). In addition, an analysis of the quantification plot was made to ensure that the melting peak represented a true amplification.
The data analysis was mostly descriptive and no statistical analysis was performed due to the limited number of isolates.
Results
The conventional PCR for the emm gene showed a positive reaction for all 25 isolates. BLASTn results were acceptable regarding query cover (range from 91-100%), E-value (zero), and identity (range from 93-100%).
Fourteen different emm types were identified among the 25 clinical isolates. The most frequent was emm1 7/26 (28%), followed by emm12, emm27, emm57, emm60 and emm68 2/25 each, (8%).
were pattern A-C (emm cluster, A-C3, A-C4 and M57 ). No isolate was classified as emm pattern D.
The sites of isolation were as follows: skin lesion (8/25), blood (7/25), oropharynx (6/25) and the last four clinical samples were obtained from pleural fluid, sputum, and abscess(2).
Regarding the 23 virulence factors, twelve belonged to the superantigens class, and were distributed as follows: speA1-3 (40%), speA-5 (52%), speC (44%), speJ (76%), speK (24%), speL (88%), speH (56%), speI (64%), speM (68%), smeZ (80%) and ssa (28%). The only SAg present in all clinical specimens was speG, and the only absent was the speA4 allele. Among the non-SAgs virulence genes, three mithogenic factors were verified, and the most frequent was mf2 (92%), followed by mf3 (68%) and dnaseB (SpeF) (56%). The prevalence of the two-serum opacity factor portions were: sofC (68%) and sofN (48%). The last six virulence factors analyzed were reported individually. Three of them were found in all isolates: streptolysin O (slo), C5a-peptidase (scpa), and a nuclease A (spna).
The Dnase (sda1) was present in 88% of the isolates, and the NAD-glycohydrolase (nga) in 96%. The streptococcal inhibitor of the complement (sic) was present in 80% of the isolates.
The superantigens were similarly distributed among the emm types and the sites of infection, showing the diversity of the isolates included in this study (Fig 1) .
Discussion
Streptococcus pyogenes is estimated to be responsible for over 600 million new cases of pharyngitis each year. In addition to triggering autoimmune sequelae, such as acute rheumatic fever, nasopharyngeal infection with S. pyogenes represents the principal reservoir for invasive diseases such as necrotizing fasciitis, pneumonia and toxic shock syndrome (Osowicki et al., 2018) .
Numerous typing schemes have been used to characterise and measure the genetic diversity among isolates of S. pyogenes. One of the most used is emm typing, in which the hypervariable portion of the emm gene encoding M protein is sequenced (Steer et al., 2009 ). Recently, a study from São Paulo, Brazil, demonstrated that the most predominant emm types were emm1, emm6, emm12, emm22, emm77 and emm87 (De Amicis et al., 2014) . Although our sample size was not adequate for an epidemiological study, we were able to verify that emm1 was predominant. However, the other 13 emm types on this work did not stand out and were found to be well distributed among the strains.
Sixty percent of the isolates were classified as emm pattern E and 40% were classified as pattern A-C. This classification has been shown to correlate significantly with tissue tropism; patterns A-C are the throat specialists, D is the skin specialists and E is generalists. However, only a small proportion of specific emm pattern strains have been extensively studied (Chiang-Ni et al., 2016) . Here, even with a variety of infections sites, no pattern D was found, and no relatedness was found among the site of infection and the emm pattern or even the emm cluster.
Streptococcus pyogenes is recognized by its arsenal of virulence factors, which targets and impairs the immune system. Many of these are scattered throughout the genome, and are not strictly part of pathogenicity island. For the most part, these virulence genes are conserved amongst strains, apart from the ones carried by phages (Ibrahim et al., 2016) . In our study, four virulence genes were present in all 25 isolates, a superantigen (speG), a streptolysin O (slo), C5a-peptidase (scpa), and a nuclease A (spna). The first three are usually present within the GAS chromosomes while the last one is prophage encoded. The mithogenic factor (mf2) and the superantigens (speL and speJ) are all phage encoded, and were also present in a high number of isolates. In addition, the streptococcal inhibitor of complement (sic), the NAD-glycohydrolase (nga), which is directly linked to SLO production and the superantigen SMEZ, are all chromosomally encoded and were also present in a high number of isolates (Banks, Beres & Musser, 2002; Ibrahim et al., 2016) . These results can be considered evidence that horizontal gene transfer occurs among our isolates and that most of them have a high number of virulence factors, which demonstrates a potential to cause severe diseases. An important review has brought to light many studies about SAgs and its association with invasive and non-invasive diseases and asymptomatic carriage. However, it is still a controversial topic, because associations are shown in some studies but not in others (Commons et al., 2014) . In our study, SAgs were distributed along the diverse clinical isolates without showing a pattern, which could led us to believe in associations between them and emm types or site of infection.
This investigation was performed with a number of strains that is considered low for an epidemiological approach. However, we believe that the results are in accordance with our aims, and also could be used as preliminary data for other studies.
Conclusions
In summary, the emm types found here are too diverse to define a tendency. The emm pattern and emm cluster analysis demonstrated that the majority of the isolates were classified as generalists considering the site of infection, and no isolate was classified as skin specialists. The analysis of the virulence factors demonstrated that chromosomally and phage-encoded genes were found, which confers a potential for high virulent micro-organism. No relatedness could be found among virulence factors and emm typing or site of infection, reinforcing the controversial character of this subject. 
